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Abstract
Characteristics of the ecological environment in the coastal waters of Taiwan and the adjacent islands 
under the influence of Kuroshio Current were described based on published data of Taiwanese ocean-
ographers.  Attentions were mainly put to the east and southwestern coasts of Taiwan which are 
affected by the Kuroshio proper and its branch current, respectively.  Plankton composition and abun-
dance in these regions were compared.  Present condition of the coral reefs on the east coast and the 
stress they confront were reported.  Pelagic fisheries (primary those related to tuna, dolphinfish, and 
flyingfishes) and dolphin populations on the east coast were reported.  Current vectors in Kuroshio 
proper at various depths on the east coast next to Lanyu Island were described.  Effects of the side 
branch of Kuroshio Current on the northeastern part of the South China Sea in terms of cold eddies 
and internal wave were also described.
Introduction
Taiwan is geographically situated near the origin of 
the Kuroshio located east of the Philippines, and is at the 
conjunction of the Kuroshio, the South China Sea and the 
East China Sea.  While meandering is an important fea-
ture of the Kuroshio Current north of Taiwan, branching 
into the South China Sea and the Taiwan Strait is another 
important feature observed south of Taiwan in the Bashi 
Channel.  The strength of the Kuroshio branch into the 
Taiwan Strait shows a clear seasonal pattern, being 
larger in winter than in summer.  Since the subsurface 
Kuroshio waters are the major source of nutrients to the 
East China Sea and  the South China Sea, the extent that 
the Kuroshio branch enters these two seas is expected to 
affect not only the biogeochemical cycles of carbon and 
nutrients, but also biological productivity and fish catch.
The oligotrophy of the Kuroshio water creates a 
water surface rich in nitrogen fixing algae and a coastal 
area abundant in coral reef habitats.  While nitrogen fixa-
tion provides a new input of the most limiting nutrient 
element, coral-algae symbiosis sustains a productive 
and biologically diverse coastline.  The flow of the 
Kuroshio, with a mean speed of 1 m/sec, passes many 
islets, including Orchid Island and Green Island on the 
Pacific coast and Hsiau-Liu-Chio and PengHu Island 
in the Taiwan Strait and, together with anthropogenic 
perturbation, creates different coastline environments 
varying in biodiversity. 
Unde r s t and ing  how 
these forces interact to 
shape these environ-
ments is pivotal in our 
attempt to decipher the 
poss ib le  impac ts  o f 
global change of this 
tremendous scale on the 
Kuroshio.  The aston-
ishing climatic changes 
in recent years have lead 
to our deep concerns 
about the inter relation-
ships between global 
cl imatic change, the 
Kuoshio Current and the 
regions under its influ-
ence.
T h e  p u r p o s e  o f 
th is  ta lk  is  to  br ing 
some ecological issues 
occurr ing  a long  the 
east coast of Taiwan 
and in the northern part 
Fig.1  Location of Nanwan 
Bay in the southern part of 
Taiwan (Source: T-Y Fan, 
Natl .  Museum of Marine 
B i o l o g y  &  A q u a r i u m , 
Taiwan)
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of the South China Sea into perspective so as to under-
stand the ecological characteristics of these regions and 
what might be affected should any changes occur in the 
Kuroshio Current.
1. Hydrographic features 
Chen et al. (2004) studied the hydrographic features 
of Nanwan Bay.  This bay, located at the southern tip 
of Taiwan, is in a marine environment subjected to low 
pollution.  The Third Nuclear Power Plant located north-
west of the bay draws in cooling water from the bay and 
discharges the warmed water back into the bay.  Because 
of the semi-enclosed nature of the bay, the warm effluent 
re-circulates within the bay such that the temperature of 
the bay water may be harmful to the corals.  According 
to Chen et al. (2004), a cold eddy exists inside this bay 
as a result of tidally induced upwelling which not only 
helps keep the bay relatively cool despite the power 
plant, but also supplies nutrients to the euphotic zone for 
biological production.  Upwelling of nutrient-rich sub-
surface Kuroshio waters has also been reported to con-
tribute over 70% of P which is needed to support total 
new production on the East China Sea continental shelf 
(Chen and Wang, 1999).
2. Ecosystem of the coral reefs
Coral reef is an important ecosystem in southern 
Taiwan and near the island off the east coast.  According 
to the survey conducted by Dai et al., results showed that 
only 1/5 of the reef sites in Taiwan and adjacent islands 
are in good condition (coverage higher than 50%).  About 
1/2 are in a “stressed condition” (coverage between 30 to 
50%) and the rest are in a “degraded condition” (coverage 
lower than 30%).  In the Kuroshio region, only the coral 
reefs at Lutao with high coral cover were in favorable 
condition.  The reef of Kenting National Park in southern 
Taiwan showed a trend of stable or increasing coral 
cover but was under stress.  All marine invertebrate and 
fish with commercial value are very rare.
Coral reef is such an important ecosystem; problems 
such as heat-related bleeching and the recent outbreak of 
black disease of reef building corals at Green Island have 
led to deep concerns.  Liao et al. (2007) reported on the 
situation.
Spatial distribution of the disease of corals caused 
by a Cyanobacteriosponge, Terpios hoshinota, as in 
2007 is prevalent along northern and eastern coasts of 
both Green Island and Orchid Island, both located close 
to the Kuroshio main axis.  Only a few cases have been 
found along the west coast of Green Island and none 
near Taiwan Island or in the Taiwan Strait.  It has mostly 
been recorded in shallow waters and stony corals are the 
only host of this Cyanobacteriosponge.  Possible envi-
ronmental factors enhancing such outbreaks for this dis-
ease, including nutrient, host specificity, coral coverage 
and current (i.e., the main axis of the Kuroshio), are now 
Fig. 2   A sample of seasonal variations of temperature and salinity values of 
surface water around Taiwan
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Fig. 3   Current vectors at various depths between Taiwan and Lanyu measured by the low-
ered ADCP in October 2007
being studied.
3. Flow pattern of the Kuroshio
The flow pattern of the Kuroshio can have signifi-
cant effects on the environment (e.g., distribution of 
nektons and plankton).  Tseng used a lowered ADCP/
CTD system to measure the Kuroshio flow structures at 
the region southeast of Taiwan near Lanyu island.  The 
Kuroshio velocity profile has a two-core structure on 
both sides of the Lanyu (Orchid Island).  A southward 
counter current is seen to exist along the eastern coast 
of Taiwan for all three cruises.  Figure1 shows the flow 
vectors at various depths between Taiwan and Lanyu.  It 
can be seen that a cyclonic eddy exists between Taiwan 
and Lanyu, especially at 100 m or more.  The east-west 
velocity component (u) and north-south component (v) 
is demonstrated in Fig. 2 versus the depth for the station 
nearest to the Taiwan coast in April cruise.  Both the 
lowered ADCP-derived and shipboard ADCP-derived 
currents in the upper 200 m are consistent with each 
other.  Below 200 m depth, the flow is reversed and 
toward the southeast which extends to about 800 m in 
depth.  The Kuroshio main axis with a maximum surface 
speeds of over 1.5 m/s is located about 30 km west of 
Lanyu.
Table 1.   Data condensed from Dai et al. (Source: http://www.coremoc.go.jp/ 
english/pub/ease2004/03, Tables 1 & 2)
Number of species
Area Reef Type Status Coral Fish Macroalgae
Southern Taiwan Fringing reef Stressed 400 1200 200
Eastern Taiwan Patch reefs Poor 250 800 250
Northeasten Taiwan Patch reefs or Coral 
community
Poor 150 800 300
Hsiaoliuchiu Fringing reef Poor 250 1000 200
Ludao (Green Island) Fringing reef Fair 400 600 200
Lanyu (Orchid Island) Fringing reef Fair 400 200 200
Dongsha (Pratas) Island Fringing reef Poor 400 1200 200
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4. Distribution of zooplankton assemblages
Lo and his coworkers’ recent work has revealed 
the zooplankton biodiversity in the Kuroshio sphere 
around Taiwan.  Zooplankton species are relatively 
diverse in the Kuroshio sphere around Taiwan island 
(TI).  Researchers recognized totals of 71, 26, 18, and 
242 species of siphonophores, pteropods, thaliacea, and 
fish larvae, respectively, from 33 stations in the waters 
surrounding TI during a winter and a summer cruise in 
2003-2004.  Abundances of these zooplankton taxa were 
generally higher in summer than in winter; however, the 
species richness showed different patterns, with siphono-
phores having a higher species number in winter, thali-
acea in summer, and pteropods having similar richness in 
both seasons.
Cluster analysis of hydrography distinguished three 
water masses in winter -- the Kuroshio Current (KC), the 
China Coastal Current (CCC), and the Transition Zone 
(TZ), and two water masses in summer – the KC and 
South China Sea Waters (SCSW).  The abundance and 
species richness of zooplankton were always higher in 
TZ, while the CCC showed higher abundance but lower 
species richness as compared with the KC in winter. 
During the summer, the SCSW, which can be driven by 
the southwest monsoon into the Taiwan Strait, showed 
higher abundance and lower species richness as com-
pared with the KC, which primarily dominated in the 
oceanic waters of eastern TI.
Distributions of these zooplankton assemblages 
showed clear associations with water masses, with sipho-
nophores and fish larvae having higher abundance and 
lower species richness at the CCC, and lower abundance 
and higher species diversity in the KC.  Thaliacea and 
pteropods exhibited higher abundance in the shelf waters 
off western TI than in the oceanic waters off eastern TI, 
but their species richness was similar to those of sipho-
nophores and fish larvae.  Results suggest that sipho-
nophores are mostly oceanic species and pteropods are 
mostly warm water species in this study area.  The TZ 
and KC may enrich the species diversity in the waters 
around TI, while the CCC may bring higher zooplankton 
biomass into the waters of northwestern TI.
5. Marine fish ecology
1) Flyingfish behaviors
 The east coast of Taiwan is facing the main axis of 
the Kuroshio; its deep and blue-water features provide 
the right living environment for big, migratory pelagic 
marine fishes (e.g., dolphinfish and tuna) and cetaceans. 
Some of them are important commercial species while 
others are important for cultural reason (e.g., flyingfish).
Tao is one of the 13 tribes of Taiwan’s aborigines. 
The existence of this tribe is closely associated with the 
flyingfish.  Each year the flying fishes come with the 
Kuroshio from January to June, and this brings a rich 
harvest of flyingfish for the tribe living on Orchid Island 
(Lanyu).  And these fish become their main source of 
protein.  They believe that these fish are gifts from the 
gods.  Every year the flying fish hunt is celebrated on 
Lanyu at the Flying Fish Festival as a spiritual endeavor 
and as a coming of age ceremony for young men.  Tao’s 
fishing boats are distinctive canoes painted with red, 
black and white patterns.  They have become a Tao cul-
tural symbol.
Eggs of most flyingfish species were large and con-
sidered a delicacy to sea-food lovers.  The prime flying 
fishes’ spawning habits are to lay their eggs on floating 
materials (or flotsam).  The distribution and relative 
amount of flyingfish spawning substrata may be impor-
tant to the spawning of these fishes.  Seagrass, floating 
wood and tar balls have been reported to be used as sub-
strata for flyingfish spawning.  In Taiwan, fishers use fly-
ingfish eggs in weaved straw mats or catch fishes during 
their spawning migration which leads to severe depletion 
of the stock.
Eighteen flyingfish species have been reported in 
Taiwanese water.  But only three main species on the 
east coast: Cypselurus cyanopterus, Cypselkurus uni-
color, and Cypselurus poecilopterus.  In recent years, the 
Fig. 4   Current profiles of u and v at the station 
nearest the Taiwan coast (See Fig. 1) measured 
by the lowered ADCP (red and green lines) 
and shipboard ADCP (blue and black dotted 
line) on April 2007.
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large motorized fishing boats from Taiwan and intensive 
catching of eggs have become a threat to the flyingfish 
harvest in Lanyu.  According to the Tao, it has been at 
least five years since they have had good flyingfish har-
vests.  The Tao believe that if the resource of these fishes 
becomes exhausted, the Tao wooden boat culture would 
gradually disappear, and if this culture disappears, the 
entire Tao culture would eventually vanish.  In 2005, 
the government announced that motorized fishing boats 
weighing more than 10 tons would be banned from ven-
turing within 6 nautical miles (11km) of Lanyu.  (http://
www.taipeitimes.com/News/taiwan/archieves/2007/08/0
6/2003372908)
Flyingfish populations are not only subjected to 
human fishing pressure, but also to preying pressure 
from other fishes (e.g., dolphinfish).  Dolphinfish fishery 
is one of the important fisheries in Taiwan.  Dolphinfish 
(Coryphana hippurus) in the western Pacific are dis-
tributed from Japan in the north, to New Zealand in the 
south.  They are frequently found off the Philippine 
Islands and Taiwan.  Their diets include small oceanic 
pelagic species, juveniles of large oceanic pelagic species 
(e.g., tuna), pelagic larvae of neritic groups, and benthic 
species (both invertebrates and fishes).  In the waters 
off eastern Taiwan, the important prey species were clu-
peid Spratelloides gracilis (9.8%), Engraulis japonicus 
(8.6%), and flyingfishes Cyselurus spp. (6.3%).  The 
seasonal compositions of the major food items included 
Sardinella hualiensis (27.1%), E. japonicus (16.0%), 
Diaphus sp. (15.4%; lanternfish), and S. gracilis (8.7%) 
in spring; Cypselurus spp. (10.4%), Diodon sp. (8.1%), 
Tharmnaconus sp. (7.7%), and Ostracion sp. (6.5%) 
in summer; larval fish (19.9%), Diodon sp. (11.0%), 
Cypselurus spp. (8.7%) and Loligo chinensis (6.6%) in 
autumn; and E. japonicus (20.5%) and ells and ell larvae 
(5.2%) in winter (Wu et al.,2006).  In other parts of the 
world, post-larval flying gurnards and flyingfish rank 
as the most important prey species overall (Oxenford 
and Hunte, 1999).  It can be expected that predator-
prey relationships and interspecies competition for food 
clearly involve other commercially important species. 
Interactions between dolphinfish, flyingfish, and tuna 
fisheries off the east coast of Taiwan can be expected.
2) Tuna fisheries
Tuna fisheries are important on the east coast of 
Taiwan.  Wu and Ueng (2006) evaluated the fishery 
value for the mid-water artificial reefs set near Green 
Island and in the southwestern waters of Taiwan.  The 
catches can be a parameter for monitoring the Kuroshio 
Current system.  Tuna Thunnus albacares, Euthynnus 
pelamis, and dolphinfish Coryphaena hippurus are the 
main species caught from these artificial reefs.  Catch 
composition around Green Island, T. albacares (80%), E. 
Fig. 5   Distribution of zooplankton assemblages with shiphonphores
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pelamis (8%), C. hippurus (7%), was approximate with 
that of the southwestern waters.  Annual catch of T. alba-
cares around Green Island artificial reefs was around 450 
MT and the fish weight ranged between 15-60 Kg (80-140 
cm).  Catches are year round and the peak season is 
April to Sptember.  Annual catches of T. albacares and 
E. pelamis were lower and could only reach about 350 
MT. Furthermore, sizes of T. albacares were smaller (i.e., 
below 55 cm.) 
3) Cetaceans and whale-watching
The east coast is also an important living ground 
for the top carnivorous cetaceans.  There are 29 species 
of cetaceans living around Taiwan and since 1994 all 
of them are protected by Conservation Law. Later, the 
Taiwan Cetacean Stranding Network was established 
and supported by the government to rescue and take care 
of stranding animals.  An average of 40-50 cetaceans 
stranding events happen in a year, and winter is the peak 
season for stranding.  Five dolphins were successfully 
rehabilitated and released during 1990-2006.
Furthermore, systematic filed surveys of the ceta-
cean resource around Taiwanese waters began in 1996. 
More than 20 species were found in the east coast waters; 
an endangered species, the Indo-Pacific humpback dol-
phin, was also found in the west-central coast.
In 1997, the first commercial whale-watching boat 
began to operate on the east coast, and whale-watching 
tours have expanded rapidly since then.  By 2006, at least 
30 whale-watching boats belonging to 23 companies 
along the east coast were in operation.  The number of 
tourists started at less than 3,000 and has since reached 
238,000 in 2003.  The whale watching bases are located 
along the east coast (Fig. 1) and the most commonly 
sighted species include Risso’s dolphins, spinner dol-
phins, bottlenose dolphins, and spotted dolphins.
6. Various effects of the Kuroshio
Some recent scientific findings reemphasize the 
influences of the Kuroshio to the South China Sea.  Chen 
et al. (2007) reported on the effects of cold eddies on 
phytoplankton production and assemblages in Luzon 
Strait bordering the South China Sea.  Spring is a rela-
tively unproductive season in Luzon Strait.  Wintertime 
productivity increases in this region as a result of uplifted 
subsurface nutrient under the prevailing Northeastern 
Moonsoon.  A study by Chen et al. (2007) revealed 
that cold-core eddies could be shed from the Kuroshio 
Current at the Luzon Strait in spring causing 2-3 fold 
increases in productivity within the eddy.  Meanwhile, 
proliferation of Synechococcus, pico-eucaryotes, and 
diatoms was noted, but with fewer Trichodesmium in 
the surface water inside the eddy than outside.  As cold 
core eddies form intermittently all year around as the 
Kuroshio invades the SCS, their effects on phytoplankton 
productivity and assemblages are likely to have impor-
tant influences not only on the biogeochemical cycle but 
also on other biological events in the Luzon Strait.
Wang et al. (2007) discovered the effect of an 
internal wave process extending into the South China 
Sea at Dongsha.  An instrument array was mounted on a 
heavy frame at a depth of 18 m northeast of the Dongsha 
Atoll, South China Sea from July 2006.  The measured 
water temperature showed that daily decreases of 8 
°C were frequently observed indicating incursions of 
internal waves.  Temperature profiles confirmed that the 
colder water was found below 100 m.  Statistics showed 
that was observed on 90% of days in summer but omly 
on 30% of days in winter.
A week after the cold-water incursion, large varia-
tions of dissolved oxygen were observed, followed 
within two days by a significant increase in chlorophyll 
content.  These phenomena suggest that the aerobic 
bacteria decomposition of organics brought up by 
internal waves may take a few days and may cause dis-
solved oxygen to decrease.  Then phytoplankton blooms 
occurred after the nutrients were released.  This result 
indicated that the internal waves may play an important 
role in the microbial food web of nutrient regeneration in 
a tropical reef ecosystem.
All of the above information is condensed from 
works of my colleagues or friends in Taiwan.  This infor-
mation should highlight some ecological issues in the 
area along the Kuroshio in Taiwan and hopefully some 
Fig. 6   Observed water temperature at the Dongsha 
Atoll
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of them may also catch your attention and may even be 
topics for joint research.
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